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In view of the foregoing 1ssues, an object of the present
invention 1s to provide a vehicle control device that reduces
the constraints of heat generation and charging time of a
booster circuit, and decreases favorably the fuel consump-
tion and exhaust emission of an engine. A vehicle control
device installed 1n a vehicle, the device includes: a battery;
a high-voltage battery that has a voltage higher than a
voltage of the battery; and a fuel injection device that 1njects
fuel 1into an 1iternal combustion engine, wherein the vehicle
control device includes a control unit that determines

whether to supply a drive current to the fuel mjection device
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1
VEHICLE CONTROL DEVICE

TECHNICAL FIELD

The present invention relates to a vehicle control device,
in particular to a drive device that drives a fuel 1njection
device used for an internal combustion engine such as a
gasoline engine.

BACKGROUND ART

In general, a control device for an electromagnetic fuel
injection device boosts the voltage of a battery (for example,
14 V) by a booster circuit in a drive device to cause a quick
transition from valve-closed to valve-opened states, and
supplies high power to the fuel ijection device 1n a short
pertod of time in accordance with a fuel injection pulse
signal. In order to reduce engine fuel consumption and
exhaust emission, there has been currently applied a tech-
nique for implementing favorable air-fuel mixture distribu-
tion by multiple-stage injection control under which a plu-
rality of fuel injections i1s performed in one cycle of the
engine. The application of the multiple-stage 1njection con-
trol leads to increase in the number of times the booster
circuit boosts the voltage per unit time, which may deterio-
rate the durability and reliability of the drive device due to
heat generated by the circuit or the like. As a means to solve
this problem, PTL 1 describes a technique by which to
control and suppress a current peak value for driving the fuel
injection device depending on the conditions for engine
speed, the temperature status of the drive device equipped
with the booster circuit, and the like.

CITATION LIST
Patent Literature

PTL 1: JP 2010-418000 A

SUMMARY OF INVENTION

Technical Problem

According to the technique described in PTL 1, the
current (peak) amount for driving the fuel injection device 1s
decreased 1n the operating range of the engine without the
need for high drive current or in the case where there 1s a
concern of a high temperature of the drive device, thereby to
avoid excessive heat generation. However, 1n the high-speed
and high-load range of the engine requiring a large amount
of fuel myection per unit time, 1t 1s necessary to utilize
multiple-stage injections to avoid soot and abnormal com-
bustion. Under such conditions, engine performance may
become deteriorated.

In addition, the booster circuit 1s basically configured to
charge power into a capacitor or the like and perform
switching control on the capacitor to boost the voltage.
Accordingly, 1t takes a predetermined charging time between
the end of one 1njection and the start of the next injection.
In the engine high-speed range, in particular, it 1s not
possible to ensure the number of multiple-stage 1njections
and 1njection timing necessary for generation of a favorable
air-fuel mixture under the constraint of the charging time.

In view of the foregoing 1ssues, an object of the present
invention 1s to provide a vehicle control device that reduces
the constraints of the heat generation and the charging time
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of the booster circuit, and decreases favorably the fuel
consumption and exhaust emission of the engine.

Solution to Problem

To achieve the above object, the present invention 1s a
vehicle control device installed in a vehicle, the device
including: a battery; a high-voltage battery that has a voltage
higher than a voltage of the battery; and a fuel imjection
device that mjects fuel nto an internal combustion engine,
wherein the vehicle control device includes a control umit

that determines whether to supply a drive current to the fuel
injection device by the battery or supply a drive current to
the fuel injection device by the high-voltage battery, and
controls the fuel mjection device.

Advantageous Elflects of Invention

According to the present invention, it 1s possible to
provide a vehicle control device that reduces the constraints
ol heat generation and charging time of the booster circuit,
and decreases favorably the fuel consumption and exhaust

emission ol the engine.

Other configurations, operations, and eflects of the pres-
ent mvention will be described 1in detail 1n relation to the

following examples.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a vertical cross-sectional view of a fuel injection
device according to the present invention, illustrating a
connection configuration of a drive circuit and an engine
control unit (ECU) connected to the fuel injection device.

FIG. 2 1s a diagram illustrating an internal configuration
of a drive device and the engine control unit (ECU) 1n the
fuel 1mjection device according to the present invention.

FIG. 3 1s a diagram 1llustrating an example of character-
1stics of 1njection pulse and fuel 1njection amount according
to the present 1nvention.

FIG. 4 1s a diagram 1llustrating an example of the rela-
tionships among injection signals for driving the fuel 1njec-
tion device, drive voltages to be supplied to the fuel imjection
device, and drive currents according to the present mven-
tion.

DESCRIPTION OF EMBODIMENTS

Examples of the present mmvention will be described
below 1n detail with reference to the drawings.

Example 1

A fuel mjection system 1ncluding a fuel injection device
and a drive device according to the present invention will be
described with reference to FIGS. 1 and 2.

FIG. 1 1s a vertical cross-sectional view of a fuel injection
device, 1llustrating an example of configuration of a drive
circuit 103 and an ECU 104 for driving a fuel injection
device 101 (fuel imjection valve). The fuel injection from the
fuel mjection device 101 1s controlled by the width of an
injection pulse sent by the engine control umt (ECU) 104.
The injection pulse 1s input 1nto the drive circuit 103 of the
tuel mjection device 101. The drive circuit 103 decides a
drive current wavelform based on instructions from the ECU
104, and supplies the drive current wavelorm to the fuel
injection device 101 for a period of time based on the
injection pulse. The drive circuit 103 may be implemented
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as a component or a substrate integrated with the ECU 104.
The device in which the drive circuit 104 and the ECU 104
are integrated will be called a drive device 103.

The ECU 104 captures signals indicating the engine state
from various sensors, and calculates the width of the injec-
tion pulse and the injection timing for controlling the
amount of mjection from the fuel mjection device under the
operating conditions of the internal combustion engine. The
ECU 104 also includes an A/D converter and an 1/O port for
capturing signals from the various sensors. The injection
pulse output from the ECU 104 1s mnput into the drive circuit
103 of the fuel injection device through a signal line 110.
The drive circuit 103 controls the voltage to be applied to a
solenoid 106 and supplies current to the solenoid 106. The
ECU 104 can communicate with the drive circuit 103
through a communication line 111 to switch between drive
currents generated by the drive circuit 103 and change the
setting values of electric current and time depending on the
pressure of the fuel to be supplied to the fuel injection device
101 and the operating conditions.

The fuel injection device 101 includes a valve body 107
that opens and closes an 1njection hole 108, a spring 114 that
biases the valve body 107 1n a valve-closing direction, and
a fixed core 112 that aspirates a mover 113 by magnetic
attractive force. The mover 113 1s provided separately from
the valve body 107 and forms a magnetic circuit with
application of voltage to the solenoid 106. Accordingly, the
mover 113 1s aspirated by the fixed core 112 to drive the
valve body 107 1n a valve-opening direction.

Next, a configuration of the drive device 105 of the fuel
injection device 101 according to a first example of the
present invention will be described with reference to FIG. 2.
FIG. 2 1s a diagram 1illustrating a detailed configuration of
the drive circuit 103 and the ECU 104 of the fuel imjection
device 1llustrated 1n FIG. 1.

A CPU 3501 1s built in the ECU 104, for example, to
capture signals indicating the engine state from a fuel
pressure sensor attached to a fuel pipe upstream of the fuel
injection device, an air flow sensor measuring the amount of
air flowing mto an engine cylinder, an air-fuel ratio sensor
detecting the air-fuel ratio of an exhaust gas emitted from the
engine cylinder, a crank angle sensor, and the like, and
calculate the width of an 1njection pulse and 1njection timing
for controlling the amount of 1njection from the fuel 1njec-
tion device depending on the operating conditions of the
internal combustion engine. The CPU 501 also calculates an
appropriate injection pulse width 11 (that 1s, the amount of
injection) and injection timing depending on the operating
conditions of the internal combustion engine, and outputs
the 1njection pulse width 11 to a drive 1IC 502 of the fuel
injection device through a communication line 504. After
that, the CPU 501 supplies a drive current to a fuel injection
device 540 while switching between the energization and
non-energization of switching elements 505, 506, and 507
by the drnive 1C 502.

The switching element 505 1s connected between a high-
voltage power source higher 1n voltage than a voltage source
VB mput into the drive circuit 103 and a high-voltage side
terminal of the fuel injection device 540. The switching
elements 505, 506, and 507 are formed from FETs, transis-
tors, or the like, for example, and can switch between the
energization and non-energization of the fuel 1njection
device 540. A boosted voltage VH1 as an imitial voltage
value of the high-voltage power source 1s about 60 V, for
example, and 1s generated by boosting the battery voltage
with a booster circuit 314. The booster circuit 314 may be
formed from a DC/DC converter or the like, or formed from
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a coil 530, a transistor 531, a diode 532, and a capacitor 533.
In the latter case of the booster circuit 514, when the
transistor 531 1s turned on, the battery voltage VB flows
toward a around potential 534, and when the transistor 531
1s turned ofl, a high voltage generated in the coil 530 1is
rectified through the diode 532 and the electric charge 1s
accumulated 1n the capacitor 333. The transistor 1s repeat-
edly turned on and ofl until the boosted voltage VHI1 1is
reached to increase the voltage of the capacitor 533. The

transistor 531 1s connected to the IC 502 or the CPU 501 so
that the IC 502 or the CPU 501 detects the boosted voltage
VH1 output from the booster circuit 514.

This example 1s characterized 1n providing a high-voltage
power source 601 that supplies a high voltage VH2 sepa-
rately from the boosted voltage VHI1 generated by the
booster circuit 514, and providing a switch 600 capable of
switching between the voltages VH1 and VH2.

An object of this example 1s to provide a drive device for
a fuel imection device to reduce the constraints of heat
generation and charging time of the booster circuit, and
1mplement an optimum multiple-stage 1nJect10n control at
the engine. To this end, necessary drive power 1s supplied to
the fuel mjection device 101 by switching between the
battery and the high-voltage battery (the high-voltage power
source 601). At that time, the switch 600 for switching to the
power supply by the high-voltage battery (the high-voltage
power source 601) i1s desirably provided downstream of the
booster circuit 514 boosting the voltage of the battery.

That 1s, the vehicle control device (the ECU 104) of this
example 1s 1nstalled 1n a vehicle including the battery, the
high-voltage battery (the high-voltage power source 601)
higher in voltage than the voltage of the battery, and the fuel
injection device 101 injecting fuel into the internal combus-
tion engine. The control unit (the CPU 501) of the vehicle
control device (the ECU 104) determines whether to supply
a drive current to the fuel injection device 101 by the battery
or supply a drive current to the fuel injection device 101 by
the high-voltage battery (the high-voltage power source
601), and controls the fuel injection device 101. The vehicle
with the vehicle control device (the ECU 104) of this
example 1s provided with the switch 600 for switching
between the supply of a drive current to the fuel 1njection
device 101 by the battery and the supply of a drive current
to the fuel injection device 101 by the high-voltage battery
(the high-voltage power source 601) on the downstream of
the booster circuit 514 boosting the voltage of the battery.
The control unit (the CPU 501) controls the switch 600 to
control the fuel mjection device 101 by supplying a drive
current to the fuel injection device 101 by the battery or
supplying a drive current to the fuel imjection device 101 by
the high-voltage battery (the high-voltage power source
601).

This 1s intended to connect the high-voltage battery (the
high-voltage power source 601) downstream of the booster
circuit 514 1n addition to the battery power generally sup-
plied to the drive circuit 103, and switch to the power supply
by the high-voltage battery (the high-voltage power source
601) under conditions requiring multiple-stage injections
without the mtervention of the booster circuit 514. This
makes 1t possible to perform a multiple-stage fuel injection
control without the constraints of heat generation and charg-
ing time of the booster circuit 514, thereby to reduce
favorably engine fuel consumption and exhaust emission.

The general battery voltage at that time 1s about 14 V and
1s boosted to 50 to 70 V for driving the fuel injection device
101. Accordingly, setting the voltage of the high-voltage

battery (the high-voltage power source 601) preferably to 24
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to 60 V and connecting the high-voltage battery downstream
of the booster circuit 514 would eliminate the need to add
special changes to the further downstream circuits or the
drive device.

In this configuration, the fuel injection device 101 1s
driven with a switchover between diflerent voltages from the
plurality of batteries, and it 1s necessary to have a plurality
of dniving maps for fuel injection pulses or the like for the
supplied batteries. That 1s, the vehicle control device (the
ECU 104) controls the fuel injection device 101 by the
driving maps diflerent between a fuel 1njection pulse signal
for supplying a drive current to the fuel injection device 101
by the battery and a fuel injection pulse signal for supplying
a drive current to the fuel inmjection device 101 by the
high-voltage battery (the high-voltage power source 601).
Therefore, the memory and register in the vehicle control
device (the ECU 104) store the plurality of driving maps.

It 1s desirable that there 1s not a booster circuit such as a
circuit generating the high voltage VH1 between the high-
voltage power source 601 and the switch 600. This 1s
because some energy loss may be caused by the actions of
the transistor 331 and the capacitor 333 in the voltage
boosting control of the booster circuit 514, which brings
about problems such as failure and durability degradation
due to heat generation of the booster circuit 514. To prevent
these problems under present circumstances, it 1s necessary
to take measures such as setting a limit on the number of fuel
injections in one cycle of the engine and keeping a prede-
termined period of time or more of interval between injec-
tions.

This example 1s to solve this 1ssue by implementing
high-voltage power source driving of the fuel imjection
device 101 by the high-voltage power source 601 or using 1n
combination with supply of the high voltage VHI1 from the
booster circuit 514 (switching between the voltages). The
high-voltage power source 601 1s desirably a power source
that can supply voltage and power necessary for the fuel
injection device 101 to operate favorably and has a voltage
of about 24 to 60 V, for example. The high-voltage power
source 601 may be configured to, when the fuel 1mjection
device 101 1s 1nstalled 1n an electric hybrid automobile or the
like, for example, use entirely or partially the automobile’s
voltage source to supply the voltage of about 24 to 60 V
described above. The switch 600 desirably has a function of
switching among electric signals 1n a plurality of paths, such
as a transistor or a MOS-FET.

A diode 3535 1s provided between a power source-side
terminal 390 of the solenoid 106 and the switching element
505 so that current from the booster circuit 514 or the
high-voltage power source 601 flows toward the solenoid
106 and a ground potential 515. In addition, a diode 511 1s
provided between the power source-side terminal 390 of the
solenoid 106 and the switching element 507 so that current
from the battery voltage source flows toward the solenoid
106 and the installation potential 515. Accordingly, while
the switch element 508 1s energized, no current tlows from
the ground potential 515 toward the solenoid 106 and the
voltage sources.

The ECU 104 contains a register and a memory to store
numerical data necessary for control of the engine such as
calculation of the injection pulse width. The register and
memory are included in the drive device 105 or the CPU 501
of the drive device 105. The switching element 507 1is
connected between a low-voltage power source and the
high-voltage terminal of the fuel injection device. The
low-voltage power source VB 1s, for example, battery volt-
age and supplies a battery voltage of about 12 to 14 V. The
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switching element 506 1s connected between the low-voltage
side terminal of the fuel injection device 340 and the ground
potential 515.

The drive IC 502 detects the value of a current flowing
through the fuel mjection device 540 by current detection
resistors 508, 512, and 513, and switches between the
energization and non-energization of the switching elements
505, 506, and 507 to generate a desired drive current. The
diodes 509 and 510 are provided to apply inverse voltages
to the solenoid 106 of the fuel 1njection device to reduce
quickly the current supplied to the solenoid 106. The CPU
501 communicates with the drive IC 502 through a com-
munication line 503 to switch between the generated drive
currents by the drive IC 502 depending on the pressure of the
fuel supplied to the fuel injection device 540 (101) and
operating conditions. The both ends of the resistors 508,
512, and 513 are connected to A/D conversion ports of the
IC 502 to detect the voltages applied to the both ends of the
resistors 508, 512, and 513 by the IC 502.

In this configuration, 1t 1s possible to supply the voltage
necessary for operations of the fuel injection device 101 by
enabling a switchover from the booster circuit 514 supplying
the battery voltage to the high-voltage power source 601,
thereby to reduce energy loss due to the voltage boosting in
the booster circuit 514. As a result, 1t 1s possible to 1mple-
ment the fuel injection device that enables a plurality of
injection controls necessary for reduction of the fuel con-
sumption and exhaust emission of the engine under less
influence of heat generation 1n the drive device 105 leading
to failure or durability degradation.

FIG. 3 illustrates the characteristics of the 1injection pulse
width and the fuel injection amount 1n the case of driving the
tuel injection device with power supply from the foregoing
two power sources 1n this example. Line 301 1s a charac-
teristic line of the fuel injection pulse width and the fuel
injection amount 1n the case of performing fuel 1njection
with power supply from the booster circuit 514 of the battery
voltage, and line 302 is a characteristic line of the injection
pulse width and the fuel injection amount 1n the case of
performing fuel 1injection with power supply from the high-
voltage power source 601. These characteristics are assumed
as under the same fuel pressure and preset in the ECU 104.

When the 1njection pulse 1s mput from the drive device
105 1nto the fuel 1njection device 101 as illustrated in FIG.
2, the voltage of the booster circuit 514 or the high-voltage
power source 601 1s first applied to the coil to start up
quickly the current and generate swiltly magnetic flux in the
magnetic circuit. When the boosted voltage VH1 or VH2 1s
applied until the valve body 107 reaches the fixed core 112,
the magnetic attractive force increasingly acts on the mover
113 and the gradient of the displacement of the valve body
grows with respect to the time.

In this example, the general battery voltage VB (about 14
V) 1s boosted by the booster circuit 514 such that the VH1

1s about 50 to 70 V (desirably 60 V or more) to drive the fuel
injection device 101, and the high-voltage power source
applies the voltage VH2 of 24 to 60 V to dnive the fuel
injection device 101, thereby VHI1 1s higher than VH2.
Accordingly, when the mover reaches the full-lift position,
the 1njection pulse widths with an 1njection amount Q1 are
T11 and T12 1n the characteristics set in the ECU 104, and Til
1s smaller than Ti2.

In the injection characteristics after the full 1ift as well, the
injection amounts are Q2 and Q3 with the same 1njection
pulse width Ti4, and Q3 i1s larger than Q2. For example,
when the ECU 104 detects the engine operating conditions
from signals from various sensors and the like and deter-
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mines that multiple-stage injection 1s necessary, the fuel
injection device 1s driven by the high-voltage power source
601 without the intervention of the booster circuit 1n accor-
dance with the characteristics of the line 402. It 1s indisput-
able that, as for the actual amount of fuel 1njection, the pulse
width 1s corrected with respect to the pulse width based on
the characteristics by the engine air-fuel ratio control or the
like within the scope of this example.

FIG. 4 illustrates 1injection signals for injecting the same
tuel amount (for example, Q2 illustrated in FIG. 3), inter-
terminal voltages applied to the fuel injection device 540,
and drive voltage waveforms, as an example of power
control for implementing the fuel injection characteristics
described in FIG. 3. An injection signal 401 1s an 1njection
signal for driving the fuel injection device 101 by supplying
the voltage VHI1 generated by the booster circuit 514, and an
injection signal 402 1s an 1njection signal for driving the fuel
injection device 101 by supplying the voltage VH2 gener-
ated by the high-voltage power source. The 1njection pulse

widths (times) for implementing the fuel mjection amount
Q2 described 1n FI1G. 3 are 114 and 113, and T14 1s larger than

Ti3.

That 1s, 1n the case of injecting the same amount of fuel
from the fuel injection device 101, the vehicle control device
(the ECU 104) sets the length T13 of the fuel injection pulse
signal for supplying a drive current to the fuel imjection
device 101 by the battery to be shorter than the length Ti4
of the fuel injection pulse signal for supplying a drive
current to the fuel 1injection device 101 by the high-voltage
battery (the high-voltage power source 601).

With regard to the inter-terminal voltage, as described
above with reference to FIGS. 2 and 3, since the supply
power VHI1 from booster circuit 514 1s greater than the
supply power VH2 from the high-voltage power source 601,
the times belore reaching Ipeak necessary for bringing
tavorably the mover 113 into the full-lift position are T1 and
12, and T1 1s smaller than T2. After that, as a current control
for keeping favorably the mover in the full-lift state, 1t 1s
preferred to perform a switching control as described 1n FIG.
2 by using the battery voltage VB (or another power supply)
and perform that control at the time of valve closing by
applying the respective inverse voltages. Accordingly, the
mover 1s driven by applying the inverse voltages indicated
by the lines 403 and 404. As a result, the ECU 104 calculates
the drnive current waveforms supplied by the respective
power sources 1n such a manner to switch between a drive
current to achueve the characteristics indicated by the line
405 1n the case of supplying power from the battery voltage
via the booster circuit and a drive current to achieve the
characteristics indicated by the line 406 1n the case of
supplying power from the high-voltage power source 601, or
tollow the characteristics described 1n FIG. 3.

That 1s, as indicated by the lines 403 and 404 of FIG. 4,
in the case of injecting the same amount of fuel from the tuel
injection device 101, the vehicle control device (the ECU
104) sets the energization time (404) for supplying a drive
current to the fuel 1injection device 101 by the high-voltage
battery (the high-voltage power source 601) to perform a
single fuel 1mjection to be longer than the energization time
(403) for supplying a drive current to the fuel injection
device 101 by the battery to perform a single fuel injection.

In one cycle of the engine (a two-rotation cycle consisting,
of aspiration, compression, expansion, and exhaust), the
vehicle control device (the ECU 104) desirably sets the
maximum number of injections per cycle for performing a
plurality of fuel 1njections from the fuel mnjection device 101
with power supply from the battery to be smaller than the
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maximum number of 1njections per cycle for performing a
plurality of fuel injections from the fuel injection device 101
by the high-voltage battery (the high-voltage power source
601) 1n one cycle.

The voltage of the power supplied from the battery
through the booster circuit 514 to the fuel 1njection device
101 1s set to be higher than the voltage of the power supplied
from the high-voltage battery (the high-voltage power
source 601). Accordingly, the energization time for perform-
ing a single fuel injection by the power supplied from the
high-voltage battery (the high-voltage power source 601) 1s
desirably set to be longer than the energization time for
injecting the same amount of fuel by the power supplied
from the battery.

In addition, the high-voltage battery (the high-voltage
power source 601) 1s configured to supply power without the
intervention of a special booster circuit or the like, and thus
1s unlikely to be subject to the constraints of heat generation
in a circuit and charging time for voltage boosting. This
makes it possible to set 1n the driving map the maximum
number of injections with the high-voltage battery to be
larger than that with the normal battery in one cycle of the
engine. Further, the minimum fuel injection interval (the
time between the end of one injection and the start of the
next injection) with high-voltage battery can be set to be
shorter than that with the normal battery.

As 1ndicated by the lines 405 and 406 m FIG. 4, the
vehicle control device (the ECU 104) controls and sets the
time before reaching the peak current (Ipeak) in the case of
supplying a drive current to the fuel imjection device 101 by
the battery to be shorter than the time before reaching the
peak current in the case of supplying a drive current to the
fuel 1njection device 101 by the high-voltage battery (the
high-voltage power source 601).

The vehicle control device (the ECU 104) also controls
and sets the minimum fuel injection interval for performing
a plurality of fuel injections from the fuel ijection device
101 by the battery 1 one cycle of the inter combustion
engine to be longer than the minimum fuel 1njection terval
for performing a plurality of fuel injections from the tuel
injection device 101 by the high-voltage battery (the high-
voltage power source 601) 1n one cycle. The minimum fuel
injection interval refers to the time between the end of one
injection and the start of the next injection from the fuel
injection device 101.

This 1s because the voltage of the battery 1s 14 V or lower
as described above, and the voltage of the high-voltage
battery (the high-voltage power source 601) 1s 24 to 60 V
which 1s equal to or lower than the voltage of the battery
boosted by the booster circuit 514, and 1t 1s thus necessary
to bring the mover appropriately mto the full-lift position
where T2 1s larger than T1.

In the case of supplying a drive current to the fuel
injection device 101 by the battery, the vehicle control
device (the ECU 104) supplies a drive current to the fuel
injection device 101 under the voltage of the battery boosted
by the booster circuit 514, and 1n the case of supplying a
drive current to the fuel injection device 101 by the high-
voltage battery (the high-voltage power source 601), the
vehicle control device (the ECU 104) supplies a drive
current to the fuel mjection device 101 under the voltage of
the high-voltage battery (the high-voltage power source 601)
lower than the voltage of the battery boosted by the booster
circuit 514.

According to this example, 1t 1s possible to 1implement a
drive device for a fuel mjection device to implement opti-
mum multiple-stage injection controls in the wide operating
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range of the engine, thereby reducing favorably the fuel
consumption and exhaust emission of the engine.

REFERENCE SIGNS LIST

101 fuel 1imjection device (fuel 1njection valve)
103 drive circuait

104 ECU

105 drive device

106 solenoid

111 communication line

501 CPU

502 drive IC

502, 505, 506, 507 switching element

600 switch
VB battery voltage source

The invention claimed 1s:

1. A vehicle control device installed 1n a vehicle, the

device comprising:

a battery operably coupled to a booster circuit that boosts
a voltage of the battery to provide a boosted voltage;

a high-voltage battery that has a voltage higher than a
voltage of the battery;

a fuel mjection device that injects fuel mto an internal
combustion engine;

a processor configured to control the fuel mjection device
and to determine whether to supply a drive current to
the fuel 1injection device via the boosted circuit or via
the high-voltage battery based on an engine operating
condition by controlling a switch, the switch 1s pro-
vided downstream of the booster circuit; and

wherein when the engine operating condition 1s a multi-
stage fuel 1njection, the processor determines to supply
the drive current via the high-voltage battery to reduce
a reliance on the booster circuit.

2. The vehicle control device according to claim 1,

wherein

the processor 1s configured to control the switch that
switches between supplying the drive current to the fuel
injection device via the boosted circuit and supplying
the drive current to the fuel injection device by the
high-voltage battery.

3. The vehicle control device according to claim 1,

wherein

the processor 1s configured to control the fuel 1njection
device by driving maps different between a fuel injec-
tion pulse signal for supplying the drive current to the
fuel injection device via the boosted voltage and a fuel
injection pulse signal for supplying a drive current to
the fuel mjection device by the high-voltage battery.

4. The vehicle control device according to claim 1,

wherein

in the case of injecting the same amount of fuel from the
fuel 1jection device, the processor 1s configured to set
length of a fuel 1njection pulse signal for supplying the
drive current to the fuel injection device via the boosted
voltage to be longer than length of a fuel injection pulse
signal for supplying the drive current to the fuel 1njec-
tion device by the high-voltage battery.

5. The vehicle control device according to claim 1,

wherein

in the case of 1njecting the same amount of fuel from the
fuel 1njection device, the processor 1s configured to set
energization time for supplying a drive current to the
fuel mjection device by the high-voltage battery to
perform a single fuel injection to be longer than ener-
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gization time for supplying a drive current to the fuel
injection device via the boosted voltage to perform a
single fuel 1mjection.

6. The vehicle control device according to claim 1,
wherein the processor 1s configured to set the maximum
number of 1njections 1n one engine cycle for performing a
plurality of fuel 1injections from the fuel mjection device in
the one cycle by power from the boosted voltage to be
smaller than the maximum number of 1njections 1n the one
cycle for performing a plurality of fuel mjections from the
fuel 1njection device in the one cycle by power from the
high-voltage battery.

7. The vehicle control device according to claim 1,
wherein the processor 1s configured to set time before
reaching a peak current for supplying a drive current to the
fuel mjection device via the boosted voltage to be shorter
than time before reaching a peak current for supplying a
drive current to the fuel injection device by the high-voltage
battery.

8. The vehicle control device according to claim 1,
wherein the processor 1s configured to set a minimum fuel
injection mterval for performing a plurality of fuel injections
from the fuel injection device 1 one engine cycle by power
from the boosted voltage to be longer than a minimum fuel
injection interval for performing a plurality of fuel injections
from the fuel injection device in the one cycle by the
high-voltage battery.

9. The vehicle control device according to claim 1,
wherein the voltage of the battery 1s 14 V or less and the
voltage of the high-voltage battery 1s 24 to 60 V.

10. The vehicle control device according to claim 1,
wherein the voltage of the battery 1s 14 V or less and the
voltage of the high-voltage battery 1s equal to or lower than
the boosted voltage.

11. The vehicle control device according to claim 1,
wherein when the processor determines to supply the drive
current to the fuel imjection device by the high-voltage
battery, a voltage of the high-voltage battery 1s lower than
the boosted voltage.

12. The vehicle control device according to claim 2,
wherein

in the case of 1injecting the same amount of fuel from the

fuel 1njection device, the processor 1s configured to set
energization time for supplying a drive current to the
fuel 1jection device by the high-voltage battery to
perform a single fuel imjection to be longer than ener-
gization time for supplying a drive current to the fuel
injection device via the boosted voltage to perform a
single fuel 1njection.

13. The vehicle control device according to claim 2,
wherein the processor 1s configured to set a maximum
number of 1njections 1n one engine cycle for performing a
plurality of fuel injections from the fuel injection device in
the one cycle by power from the boosted voltage to be
smaller than the maximum number of injections in the one
cycle for performing a plurality of tuel injections from the
fuel 1njection device 1n the one cycle by power from the
high-voltage battery.

14. The vehicle control device according to claim 2,
wherein the processor 1s configured to set a minimum fuel
injection mterval for performing a plurality of fuel injections
from the fuel injection device 1 one engine cycle by power
from the boosted voltage to be longer than a minimum fuel
injection mterval for performing a plurality of fuel injections
from the fuel imection device i the one cycle by the
high-voltage battery.
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15. The vehicle control device according to claim 2,
wherein when the processor determines to supply the drive
current to the fuel imection device by the high-voltage
battery, a voltage of the high-voltage battery 1s lower than
the boosted voltage.

16. The vehicle control device according to claim 1,
wherein the use of the high-voltage battery during a multi-
stage fuel imjection reduces the reliance on the booster
circuit by reducing heat generation and adding charging
time.
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